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DE LA RECHERCHE A LINDUSTRIE

EPIGENETICS — THE REGULATORY PLATFORM OF A CELL

The two main components
of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity.

Histone modification

A combination of different
molecules can attach to the ‘tails’
of proteins called histones, These
alter the activity of the DNA
wrapped around them.

Chromosome
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DNA METHYLATION PROFILES ARE TISSUE SPECIFIC
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PRIMARY SJOGREN’S SYNDROME

Majority of patients Systemic
complications
(1/3 of patie?_’"ts)
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DE LA RECHERCHE A LINDUSTRIE
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DE LA RECHERCHE A LINDUSTRIE

MORE METHYLATION CHANGES IN B CELLS

— COMPARED TO T CELLS IN PSS

A. all probes

6707 probes

diffMedian>7%
p value<0.01

B. gene start/promoter region

2393 probes
diffMedian>7%
p value<0.01

Miceli-Richard et al., ARD, 2015
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3619 genes

1921 genes

258
mixed genes
(7%)
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C. all probes

278
genes -
(31%)

899 Genes with
minimum 2
probes with

diffmedian>7%

p value<0.01

D. gene start/promoter region

391 Genes with
minimum 2
probes with

diffmedian>7%

p value<0.01




DE LA RECHERCHE A LINDUSTRIE

ce2 VALIDATION OF DNA METHYLATION CHANGES IN

— INTERFERON REGULATD GENES

LA ADe
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CZA GWAS REGIONS IN SJOGREN’S SYNDROME

natare |
genetics
Variants at multiple loci implicated in both innate and

adaptive immune responses are associated with Sjogren’s
syndrome

Christopher ] Lessard!?, He Li"%, Indra Adrianto!, John A Ice!, Astrid Rasmussen!, Kiely M Grundahl’,

115 4 HLA

CXCRS
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DE LA RECHERCHE A LINDUSTRIE

Cea

METHYLATION DATA

Table 1 Top associations in the HLA region

GWAS LOCI ARE ALSO ENRICHED IN THE

MAFE Otmarved {0) or Ds1 Ds2 Motz analysis

SNP Alcie=* Can Costrol imputnd () mDSLDS2  ORS(35% Q1) P OR< (9%% C) P OR< (95% CI) P
HLA-DRA
rs112357081 TCTAAT 0.59 033 u- 2.89(2.43-344) 101x10% - - - -
3135334 AG 027 0.11 1o 352 (2.83-438) 247x100 3.52(3.103.99) Lax10™ 3523024100 522x1014
HLA-DQBI
rs11557585 AG 029 0.2 11 3.25(2.61-40% 4.10x107%® 1.65(3.22-4.14) 3170x10% 353(303-411) 7.65x1014
3129716 TC 025 0.2 1o 329 (266409 211x10¥ 3.51(3.10-3.97) 7.74x10% 345(297-400) 4%59x10112
HLA-DQAL
rs11623285 AG 064 042 ] 2.83(2.37-238) 9.05x10°% 2.42(2.19-267) 1L1aAx10% 253224286 133x10%

TC 027 048 1o 0.35(0.23-042) 193x10°™ 0.42 (039048 462x10% 041036046 137x10%

Table 2 Non-HLA regions associated with Sjogren's syndrome at GWS

slicke. *The mincr dicke freguency (VAF) wa calculsted wing combined 051 and D82, axcept for ml 12357081
k.
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IRFS (chr7)
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rs17333836 f o7 0.18 0.12 oo 1.65(1.22-2065) 853x10% 155(137-1.7% 573x10°2 158(1.36-1.84) 243x10°6
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s10954213 | AG 0.34 038 oo 0.B3(D.70-0.38) 251x107 0S82(0.74-0.50) 3I63x10% O0O82(073-052) 3.20x10°C
STATS (che2)
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an 0.54 048 oo 1.32(1.12-1.5%) 9.47x10% 130(1.18-1.42) 3.15x100 1.30(1.16-1.46) 1.17 x 10-0
AG 0.48 D42 " 1.29(1.10-1.52) 2.16x107 126(1.15-1.38) 1.28x10° 1.27(1.13-1.42) 9.88x1077
AG 0.36 023 " 1.16(0.97-137) 1.01x 10! 137(124-1.5%0) 2.76x 100  1.30(116-1.47) 4.597 x 100
CiA 0.41 035 " 1.Z8(1.08-1.52) 402x107 130(1.15-1.43) 4.29x10° 1.30(1.16-1.46) &.85x 10-10
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DNA METHYLATION INCREASE WITH DISEASE

— SEVERITY IN PSS

A. Patients with high ESSDAI score B. Patients with low ESSDAI score

790
genes -
(44%)

566
mixed genes
(10%)

5687 Genes
diffmedian>7%
p value<(.01

1772 Genes
diffmedian=7%

p value<0.01

.-
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AND ARE STRONGLY DEPENDENT ON THE

— PRESENCE OF AUTOANTIBODIES

A. Patients anti-SSA+ anti-SSB+ B. Patients anti-SSA+ anti-SSB- C. Patients anti-SSA -

958
genes -
(54.1%)

3647 Genes
diffmedian>7%
p value<0.01

1768 Genes
diffmedian=7%
p value<0.01

535 Genes
diffmedian=7%
p value<0.01

.-
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EWAS IN PSS WHOLE BLOOD

IFl44L

70 -

60 - PARPY,PLSCR1 IFIT1

1 2 3 4 5 6 7 8 9 10 11 12 131415 16 17 18 19 2022
Chromosome

In our study we used a well known reference based method
for cell type estimation of whole blood samples.”> ** In the
purified CD19+ B cells compared with the whole blood ana-
lysis, we noted a larger mean difference in methylation levels
between cases and controls for many associated CpG sites,
including at MX1 and IFI44L, perhaps indicating the advantage
of a smgle cell type m the analy51s. However the smaller

. ~ . “ LI .
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PATHWAY ANALYSIS

LB : affected / non affected :

plasma membrane (228 genes, 23.41%, p-value= 6E-10)
Systemic autoimmune disease (72 genes, p-value=2.9E-6)
Rheumatoid arthritis (79 genes, p-value=3.7E-7)
Systemic lupus erythematosus (10 genes, p-value= .5E-6)
Primary Sjogren’s syndrome (4 genes, p-value=7.7E-3)
Quantity of B lymphocytes (28 genes, p-value=3.4E-5)
Lymphomagenesis (57 genes, p-value=3.4E-4)

regulation of apoptosis (51 genes, p-value= 0.001)

LT : affected / non affected :

membrane (258 genes, pvalue= 4.15E-17)
immune response (13 genes, p-value= 2.32E-4)
regulation of apoptosis (39 genes, p-value= 0.0035)

Miceli-Richard et al., ARD, 2015
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“5>  OVERLAP WITH LUPUS PROVIDES STRONG

— EVIDENCE FOR A IFN SIGNATURE IN SJOGREN’S

Sjogren’s syndrome B-cells

Absher et al., Plos Genet 2013

Strong enrichment of a IFN signature (P<0.0001)
TAP1, IFITM1, IFITM3, IFI4L4, IRF5, PARP12, LGALS3BP, ITGAX, IL6R....

Predicted upstream regulators include (P<10E-5) :
IFNA2, IFNy, IRF1, IRF7

(Y 4
CN RGH Tost | CEA | 13 March 2018 | Adebiotech EPIGEN | PAGE 14
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TWISSLE STUDY

Wilcoxon sum rank test

- Normalisation
- XY filtering Y
2

Stratifying into 4 cell subsets

13 \
discordant - DNA methylation difference (Beta) >7%

- p-value > 0.01

A 4
All probe categories

Promoter/gene start

A 4

22 diff. meth. probes

A 4

Ulff-Mgller et al., Arthrit. Rheumatol. (2018)
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LARGE SCALE DNA METHYLATION CHANGES IN B

CELLS OF LUPUS PATIENTS

CD4+ T-cells Monocytes
0
. Granulocytes 13 B cells

D

® Hypermethylated

= Hypomethylated
= Mixed

CN RGH Ulff-Mgller et al., Arthrit. Rheumatol. (2018) Tost | CEA | 13 March 2018 | Adebiotech EPIGEN | PAGE 16
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INTERFERON SIGNATURE IS SHARED BETWEEN

— DIIFFERENT CELLTYPES

A. Hypomethylated genes B. Hypermethylated genes

Granulocyte Gr CHRND
(58) 1 CNTNI

CRABP1

LAX]

SLC7A47
TSKU KLHL36
ZEB2 VPS134

1
ABHDI2B

IFI44L
PLSCRI

AMOTLI LRRC61

ELFNI
MYTI
TACSTD2

CCDCI144NL
IKZF4 TNRC6C
TNK2 S USPIS

“DTX3L
PARP9
LGALS3BP

FKBP5
MX1

Cl7orf64 ELF5 PTPRE
CBFA2T3 FAMI110B RUNX3
CCDC80  FBX0O4 SCT
CHSTI5  FSD2 SH3RF1
CRISP2 GHR STS
CTRBI GIMAP4  TNFRSF19
EHF PRDM10  ZMAT4

. | 4
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CZA REPLICATION IN A SMALL CASE / CONTROL STUDY
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DE LA RECHERCHE A LINDUSTRIE

CZA EWAS ON IGE LEVELS

LETTER
An epigenome-wide association study of total serum

immunoglobulin E concentration

Liming Liang’, Saffron A. G. Willis-Owen?*, Catherine Laprise®*, Kenny C. C. Wong?, Gwyneth A. Davies*, Thomas J. Hudson™®,
Aristea Binia?, Julian M. Hopkin®, Ivana V. Yang’, Elin Grundberg®, Stephan Busche®, Marie Hudson®, Lars Rénnblom'®
Tomi M. Pastinen®'!, David A. Schwartz’, G. Mark Lathrop®§, Miriam F. Moffatt’§ & William O. C. M. Cookson’§

a Methylation b
12 12 4

:g 2 10 :

E 10 s 1

% T °

Con E-’ 6 ] ) ) - -1 2 ) °

I : FDR < 0.01 - e - :

b g > e ©

e 3 4] s ' : :

3 ] .

8 27 T
. . . ' N 0- r T T T T T T T T T T T T T T T T T T T 17T ||
0 1 2 3 4 1 2 3 4 5 6 7 8 @ 10 11 12 13 14 15 18 17 18 192021 X Y

Expected —log, (P value) Chromosome
Figure 1 | Manhattan plot of the results of the genome-wide methylation association at all lod. b, Manhattan plot showing chromosomal locations of

association study. a, b, The results of genome-wide association testing to CGIs ~ —log, (P values) for association at each locus. The red line illustrates the
are shown for 27,000 lod in 355 subjects from the MRCA panel of families. threshold for an FDR < 0.01.
a, The QQ plot showing observed versus expected —log,o(P values) for

. | 4
CNRGH Tost | CEA | 13 March 2018 | Adebiotech EPIGEN | PAGE 19

ws CENTRE NATIONAL DE RECHERCHE
EN GENOMIQUE HUMAINE



DE LA RECHERCHE A LINDUSTRIE

Methylation

VARIABILITY

L2HGDH (cg15996947) IL4 (cg26787239)

SLC25A33 (cg18783781)

EWAS MIGHT EXPLAIN A GREATER % OF PHENOTYPIC

1.04 1.0 1.0
—~ )
0.8 ° 0.8 0.8
8
- L]
0.6 # 0.6 0.6
L .
[ ]
0.4 0.4 : I 0.4 v
0.2 02{ ® o L 0.2 ° °® L
== é
L™ O
0 0 0
Asthma/ Asthma/ Control Asthma/ Asthma/ Control Asthma/ Asthma/ Control
high IgE low IgE high IgE Low IgE high IgE low IgE
Table 1 | Subject characteristics
MRCA (discovery) PAPA (1st replication) SLSJ (2nd replication)

Number 355 149 160
Age (mean (range)) 28 (2-61) 21 (18-30) 29 (5-79)
N (%) female 17 (48.5%) 72 (48.3%) 80 (50.0%)
N (%) asthmatic 175 (49.3%) 34 (22.8%) 69 (43.1%)
N (%) smoker 45 (12.7%) 33 (22.1%) 28 (17.5%)
Eosinophil count (mean + s.e.m.) per pl 406 + 383 246 +214 242 + 205
Geometric mean serum IgE (range) (IU 1™ 1)} 320 (1-4,999) 663 (0-18,800) 412 (2-7,653)

Our epigenome-wide association study has discovered reproducible
CGI associations accounting for a variation in the total serum IgE that
is tenfold higher than that derived from large SNP genome-wide asso-
ciation studies®|In contrast to SNP studies, association to methylation

)"CNRGH
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SIGNALLING

MHC-I

Lipid rafts (flotillin, ®. MHC-I
LBPA, cholesterol,

sphingomylein)

aaaaaaaaa

Amyloid-B

Targeting/adhesion molecules

*/ CNRGH
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-

EXOSOMES - VEHICLES OF INTERCELLULAR

Exosome
generating cell

Nucleus

Exosomes

Exosome
target cell

Nucleus

Source: EXIQON website Oct 2016
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ETIOLOGY OF SPONDYLOARTHRITIS

» Family of inflammatory rheumatisms (axial
spondyloarthritis, psoriatic arthritis, IBD
related arthritis and reactive arthritis)

» Very limited understanding of the
pathogenesis

» Susceptibility attributable to genetic factors is
80 - 90% (twin studies)

» HLABZ27: strong association but does not
explain all genetic susceptibility

» Genome-wide association studies:

Psoriasis Uveitis a"Zascl;gﬂl‘:lllsms P?;I;Lhe;:l‘];i!n( Enthesitis Il)r:rerlng?seta; B - IL23R - ILIZB
=== @) ‘;i{' (ollgo‘)aru:nlns £ ,l . ‘ ~ - IL1 R2 - IL 6R
w— ’ ij‘ 3‘ | ““ / 5;" k”, ‘:‘
Eﬁﬁ Z » M e,&g{:} < -RUNX3 - ERAP1
A v,i;, *—,‘} ; ] 1 “ L g, l\/(f:‘?‘ . \;
! &7 T S ¢ : - CARDS9 -ANTXRZ2 ...
\ 5 \ h 377 j , o
_Rosenbaum. & Rosenzweig Nat. Rev. Rheumatol (2012)
@L
Tost | CEA | 13 March 2018 | Adebiotech EPIGEN | PAGE 22
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DE LA RECHERCHE A LINDUSTRIE

CZ4A  SMALLRNA SEQUENCING (HISEQ 4000)

—

Biological sources

High quality samples Tﬁ” Plasma & serum
He e+ Blood "\« Fresh or frozen fraction
i * Cell lines * Low volumes: 0.5 to 1.5mL
* Biopsy @
Exosomes
JRNA
<° Q,((

B

%

=

5 2

S [ Small RNA

8 |\ sequencing

% .
A &

»

Low quality samples Sorted immune cells :
* Frozen tissues * Lymphocytes ®‘ )

* FFPE (Formalin-Fixed Paraffin-Embedded) * Monocytes A7)

EmRNA
1600000 = small nucleolar RNA

[ miRNA Analysis pipelineJ

(o [TE1114Y; Trimming Mapping miRNA Differential
amicrorNa * YRNA Control . : miRBase Counts Analysis

trimmomatic
fastqc (0.11.3) (0.32) bowtie (1.1.2) samtools (0.1.19) DESeq2 (1.6.3)
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DE LA RECHERCHE A LINDUSTRIE

CZA RNA CONTENT OF EXOSOMES
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DIFF EXPRESSED MIRNAS IN EXOSOMES IN

PATIENTS WITH SPONDYLOARTHRITIS

* » pvak0.05[239]

e pval0.05 & padj<0.05[98] N
N - T pval<0.05[239]
* * pval<0.05 & padj<0.05[98]
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Epigenetic effects on asthma in a rural environment

' (PASTURE)

m o)
" 5 blood sampling
o]
(@] I
8 |
c.2 |
25 |
:
0o >
1 4 6

age / years

»Longitudinal study following children in
rural areas of Germany, Switzerland,
Austria, France and Finland with mothers
living on a farm during pregnancy and
matched controls

»Focus on asthma and allergic diseases

»Cord blood and PBMCs at 1, 3, 4.5 and 6
years
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FARM EXPOSURE PROTECTS FROM ASTHMA

— AND ATOPY

Lower prevalence of asthma, Microbial diversity and asthma

hay fever and atopy in farm are reversely related”
childrent
A Bacteria (PARSIFAL)
1.0-
% B Non-farmers (n=493) @ Farmers (n=319)
40 1 0.8 Living on a farm
35
30
25 z 0.6
20 2
15 E 0.4-
0.2
Asthma Asthma  Hay fever Hay fever Atopy
diagnosis symptoms diagnosis symptoms 0.0
0 20 40 60

Mo. of Detectable Bands
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FARM ENVIRONMENT INDUCES A DIFFERENT EPIGENETIC BASE

LINE

ichel et al., Allergy, 2013
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~~= TREND FOR HIGHER DEMETHYLATION IN THE TREG

—  MASTER GENE FOXP3 AFTER FARM MILK EXPOSURE

35 -
p=0.05

30 A p=0.06

25 A p=0.07

20 p=0.01 O No Farm milk

15 - B Farm milk
p=0.08

10 1

Foxp3 Demethylation (%)

T T T T T T T T
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Median

Lluis et al., JACI, 2013
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ALLERGY PROTECTIVE EFFECTS OF BACTERIA

— ISOLATED FROM COW SHEDS

Acinobacter Lwoff

Lactococcus Lactis
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CQa PRENATAL MICROBIAL (ACINOBACTER LWOFFII)
EXPOSURE HAS ASTHMA PROTECTIVE EFFECTS IN MICE

—

PBS | A.lwoffi

Prenatal Exposure | P8BS A, Iwoffii PBS A. Iwoffii PBS A lwoffii , / _ :
Sensiization/Challenge | PBS OVA | PBS  OVA PBE OVA | PBS OVA PBS OVA PBS  OVA PBS OVA PBS OVA | PBS OVA PBS OVA
B IFNy L4 IL-5 IL-10
154 = 15 8- = 4
§ . % B } N
1.0 4 o 104 2 44
3 n% % n% 34 % 2 %'
2 05 3 05 / 2 24 / /
E / ® / T~ / /
Pranatal Exposure " PBS | A Moffi * PBS A. Iwoffii " pes A. iwofiii | | PBS | A Iwoffi ] PBS | A Iwoffi
PBS | OVA | PBS | OVA PBS | OVA  PBS | OVA

PBS OVA PBS OVA |

PBS | OVA | PBS | OVA

Sensitization/Challenge | PBS  OVA | PBS | OVA

FIG 1. Ty1/T42 cytokine balance after prenatal A Iwoffii F78 exposure. A, Concentrations of IFN-y, IL-4, IL-5,
IL-13, and IL-10 in the supernatant of anti-CD3/anti-CD28-stimulated mononuclear spleen cells from off-
spring from A Iwoffii F78- or sham-exposed (PBS) mothers. B, Relative mRNA expression of IFN-y, IL4,
IL-5,IL-13, and IL-10 in CD47CD25™ splenic T cells. Data represent the results of 2 independent experiments,

each with 4 to 8 individually analyzed animals per group. *P < .05, **P < .01.

Brand et al., JACI, 2011.
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TH1/TH2 BALANCE ALTERED THROUGH MODIFICATION

OF THE HISTONE MODIFICATION PROFILE

IFNy promoter IL-4 promoter
254 — [ 1 PBSIPBS i
PBS/OVA
o B AlwoffiiPBS =
- — B8 AlwoffiilOVA o
52 104 2 10+
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0 (— ‘322;/__ 0 M
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Brand et al., JACI, 2011.
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CZA GENERAL CONCLUSIONS

. Genetics and epigenetics yield complementary information, but
contribution of each molecular level might differ in function of
the investigated question.

. Technologies have matured very recently allowing genome-wide
and whole-genome epigenetic studies as well as reproducible
and FDA approved diagnostic assays

. Epigenetic patterns are tissue-specific requiring cell sorting or
enrichment to decipher the more subtle changes in complex
diseases

. Autoimmune diseases display common themes, but also

disease specific changes and different cell types might be the
most important ones

. Epigenetic alterations are widespread in different complex
diseases, but at lower amplitude and might be used for early
detection and clinical management
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